Birds thai will nesi in gourds include ilic following: 
bluebirdi, t tested flycatcher, tree swallow (at- 
tracted to boxes also, in cranberry bogs, as they 
rchsh the ii.inbriry moth), lulled titmouse, wrens 
(these like gourds the best), downy wooden kci , 
house sparrow, starling, white-breasted nuthatch, 
purple martin (the gourds should be placed in 
diiect sunlight, hlleen feel above ground, and far 
enough apart so they won't knock together). 

Winter Storm Shelters 

In winter, when lemperatuies drop, roosting boxes 
in the gulden can serve .is warming houses fot 
Ovei wintering species. 

Winter Supplementary Food 

Severe winter temperatures can be latal to birds, 
so n is essential to provide supplementary food for 
them when the pickings are slim, as a guarantee 
thai they will remain in the vicinity. Placing beef 
suet, Miiillimer seeds, millet, and oilier grains in 
the orchard will provide birds wiih the iai and 
protein that they need. 
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Introduction 
John Quinney 



In tccent New Alchemy journals. tarle Bainhan 
has written on the nature of an ecologically in- 
spired agricultural landscape. His article in the 
fifth journal begins with a critique of modem ag- 
ricultural practices and then proceeds to abstract 
from ecological theory in order to arrive at a de- 
scription of agriculture modeled on (he patterns 
Of native ecosystems Earlc's article in the sixth 
journal stresses the importance of perennial plants, 
especially trees, and describes various cultural tech- 
niques for piopagation. transplanting, and lood 
prodlM lion in both urban and tuial environments, 
bill Mollison, a world authority on perennial ag- 
ricuhure working in Australia, has recently de- 
scribed perennial agricultural systems as permarut- 



lures. In his 1978 book Pcimciculturt One' be defines 
the term: "Permaculture is a word we have coined 
foi an integrated, evolving system of perennial 01 
self-perpetuating plant and animal species useful 
to man [jic). It is, in essence, a complete agricul- 
tural ecosystem, modeled on existing bill simpler 
examples." 

Taken together, these publications have pro- 
vided us with the theoretical basis fin on 1 agn 

cultural forestry program at New Alchemy The 

transition from theory to practice is now gaining 
expression in sections of the farm; subsequent con- 
tributions to this ai tide diagram the pun CSS. Much 
of this work is experimental we have access 10 
considerations developed by ecologists and loiesi 
ers, orchardists, and farmers but ultimately 0111 
Cape Cod landscape will speak to us nunc ik-aih 
than journals and books. 



IWM4I OF Tilt NFW ALCHEMISTS NCI 7 



have recenth commenced several other projects. 

Din the i»it»i three years, the numbei of Chinese 
weeding geese grazing a grass-alfalfa pasture be- 
neath Fruit, nut, and foddei trees has steadily in- 
creased In llteii own unique and often loveable 
mannei these creatures have impressed us. As bi- 
ologii .il lawnmowers. fertiliser spreaders, and her- 
bicides the; are effective replacements Fin ma- 
chinery and fossil fuels. And they taste a lot better 
ih. in oil! 

In iliis same area a small ecological island has 
hern planted to perennials used by our becs-in- 
• '■viilriu c I lie lee 'if an cvergieen windbreak con- 
tains staghorn sumacs ( /?/n« typhina) and a mature 
pussy will"» [Salix discolor) intet planted with herbs 
and flowci s 

Neat the nurseries we have planted over fifty 
species "I herbs, (><ei the next few years «c will 
be watching this area closely to determine insect 
population levels, We »ill then be able to use par- 
tkulai herbs to provide habitats fbi specific insects 
These predators will assist in establishing biological 
controls in mil gardens and forest. 

We continue to collect and propagate potentially 
valuahh trees and shrubs. Among these are Ori- 
ental and Aiuei ii an pel siininuns {DlOSpyruS knki and 









[Znyphits jujvbo). blueberries {VarciniufH sp), el- 
derberries [Sawbucw sp.), cataipa (Cntal/m sp.), 
Buckeyes {Atstlllm sp). the Korean nut pine {Pima 
koraieruis), and shagbark hickory {Caiya ovala). 

Fuiiue developments within the agricultural for- 
estry program may include establishing fasl-gi ow- 
ing hardwoods for firewood, placing nutrient-re- 
trieving plants near trees, working with mycorrhizal 
fungi, innocuhiting soils with active earthworm 
species, evaluating seaweed products for disease 
control in fruit trees, and establishing living mulches 
around fruit and nut trees. 
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Table I BIROHOUSE SPECIFICATIONS FOR SELFCTFD RIRDS 
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are having tumble with the cranberry moth, a box 
suited to the tree swallow is wise as the tree swallow 
relishes the taste of the cranberry moth. Bird- 
houses can be made from hollowrd-nul gonitis. 
logs, old bark nailed into the trunk of a tree, or 
three-quarter-inch pine boards (sec Table I) Houses 
should have drainage and ventilation holes and 
cn , r ,..„ holes. Size and other particulars Tor each 
bird have been outlined by (he Audubon Society 



Natural Habitat 

By providing an environment in which birds can 
thrive, injurious insects and rodents can be kept 
to a minimum. Because birds need food, shelter, 
and water il is important, when purposely attract- 
ing birds to an orchard or garden area, to provide 
enough food for them as an altet native 10 culti- 
vated fruits and grains. They prefer the taste of 
wild fruits to cultivated ones. The more diverse 
the plantings, the better. The following are some 
suggested plantings: 

Sheltcbelt plantings: Russian olive (Elneagnus angwtt- 
folia), eastern rerl redar (Jumpe- 
nil wrginniri), European beech 
{Sylrnlirn fngus) 



Hrdttimm: 



autumn olive [T.lnengnus umbel- 

lata), white mulberry (Menu tJbo), 
Siberian pea shrub (Cnragana 
aboTtsftns). 



Many varieties of Rowers with their bright colors, 
fragrant smells, and nectar attract birds. An area 
left wild as an ecological island in a garden area 
can provide shelter, food, and beaut) for birds and 
some beneficial insects. Brushpilcs provide rover 
and nesting sites, and can he used as a support for 
plantings of wild grape or Virginia creeper. 

Birdhouses 

Forty-nine species of birds have been recorded 10 
have nested in boxes'. 



Fruit-beanng hers mountain ash (/"you atuuporitt), 
honey locust (Gledilsia tunran- 
lhas), staghorn sumac {Rhus 
typhina). 



Mountain bluebird 
Western bluebird 
Eastern bluebird 
Robin 
Chestnut -backed 

chickadee 
Mountain chickadee 
Carolina chickadee 
Black capped chickadee 
Plain titmouse 
Tufted tilnioiisr 
Red-breasted nuthatch 
White-breasted nuthatch 
Brown creeper 
House wren 
Winter wren 
Bewick's wren 
Carolina wren 
Mockingbird 
Brown ihrashei 
Violet-green swallow 
Tree swallow 
Barn swallow 
Cliff swallow 
Purple martin 

Song sparrow 



English spanow 
House finili 
Purple graeklr 
Bullock's mini, 
Ot chard oriole 
Stalling 
Eastern phoebe 
Ash-ihroaterl flycatcher 
Ciestcd flycatcher 

Arkansas kingbird 
Red shafted flicker 
Yellow-shafted Dicker 
Golden-frnnird 

woodpecker 
Redheaded woodpecker 
Downy woodpecker 
Hairy woodpecker 
Screech owl 
Saw-whet owl 
Barn owl 
Spai row hawk 

Mourning dove 

Wood duck 
American gnldenrye 

Hooded mergansei 



t. 



I hey Eal 

Striped cucurobei beetles 

Asparagus beetle! 

Corn rooi norms 

Rose beetle (laivae feed on 
1 ools) 

Snoui beetles— plum ami ap- 
ple Curculios 

IJean and pea weevils 

Grain weevils 
• VVIiiic pine boicrs 

Spiuce budworms 

Bark Gleaners 

Many birds dig under (lie bark of trees for boring 
.hi. I hibernating insects, as well as devouring those 
on ilie bark itself. 



Tl.n Air 

WoodpciUis 

Nulhaiclics 

Creepers 

Chickadees 

Wai biers 

Kinglet! 

Wrens 



They Eal 
Mark borers 
Hibernating insects (c g 

ling mollis) 
Trunk boicrs 
Timber ants 
Hani lice 
Hark Ike 



.->. ,.q..ug the old. rough bark from the mink 
.m.l I., an. Ins ol orchard trees and covering the 
baic spots with an adhesive oiganit mixture v.*:.. 
I:-.!;:: , "i these insects from nesting. Ringing 
ii ., trunks with a mclal piece m -in kv substance 
deters some insects limn climbing into the tree. 

Ground Eaters 

A number of birds work on the ground 



They Air 
Robins 
Blucbuds 
Blackbirds 
Chipping 
sparrows 

Song span ows 

Wrens 

Warblers 

Vircos 

Phoet.es 

Meadowlarks 

Crows 

Bobolinks 

Flickers 

Quails 

Woodpei ken 

Catbird! 

Thrushes 

Owls 



They Eat 

May beetles 01 June bugs 

Tiger beetles 

Rose beetles 

Strawberry slugs 

Root wornti 

Leafhoppcis 

Aphids 

Crane-fly maggots 

Cutworms 

Cabbage worms 

Root maggots 

Grasshoppers 

Chinch b.ujs 

Army worms 

CraneRies 

White grubs 

Root borers 

Wirewoi ins 

Bollworms 



They A,e They Eal 

Hawks Ants 

Rout lice 

Larvae of plum and apple 
curculios 

beau and pea weevils 

Grain weevils 

While pine burets 

Ants (Formicidae) 
Thousand-legged worms 

(subclass Myriapoda; 

destructive to strawberries. 

but some prcdaicous.) 
Frogs 
Lizards 
Snakes 
Mice 
Moles 
Shrews 
Groundhogs 
Squirrels 
Gophers 



Predatory Birds 

In winter, mice, moles, groundhogs, rabbits, and 
other mammals can cause considerable damage to 
the roots and trunks of orchard (tees. Such rodents 
normally tan be discouraged from chewing the 
bark of trees by wrapping burlap and/oi wire mesh 
atouttd the li utiks 01 trees. Not all damage is in- 
flicted at this level, however. The pine mouse bur- 
rows underground to chew the trunk and roots 
below ground level. Groundhogs will tunnel 
throughout the root systems of orchard trees and 
expose the roots to oxygen in the atmosphere; this 
can dehydrate them and eventually kill the tree. 

Uwls and hawks frequent areas where small 
mammals are plentiful and help to keep their num- 
bers down. Owls can be attracted to houses of an 
appropriate size and can act as live-in r^dSfl 
controls. , 

• 
Bird Habitat 

There ate birds who can be pcis.ia.h-d to forsake 
their natural habitats and live in anili.ial struc- 
tures. The destruction of forests and the thinning 
out of dead trees in orchards and woodlands has 
reduced the number of available nesting sites for 
many birds. If birdhouses are erected in' late win- 
ici. l>cforc the birds are scouting for nesting lo- 
cations, many birds will take up residence in them, 
some returning year after year. If a specific bird 
is required, it is best to put up a birtlhouse spe- 
, dually designed for that bird. For example, if you 
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Surveying and Grafting 

Local and Antique Fruit 

Trees 

Mavis Clark 



We have undertaken the task of surveying the 
growth of liuii trees in the Uppei Cape area in 
an el foil to find varieties that are adapted lo giow 
well under our local climatic conditions and to 
show resistance lo diseases prevailing in the atea. 
We aim to propagate such trees for furihci plant- 
ing throughout the town of Falmouth. 
Cape Cod has the reputation of being a very 

poor area for growing fruit, because its moist, 
foggy weaihei favois the rapid Spread ol lnngal 
diseases, blights, and scabs. Commercial ouhaid- 
ists, now very few in number, spray llicii trees 
once every week during the growing season to 
combat these diseases and aphids, scale insets, 

borers, ..nd caterpillars as well. 

In 1977 and 11178, Earle Bamhari began the 
search for trees that seem well adapted 10 the Cape 
and arc known foi bearing consistently good crops 
He enlisted the reliable food loragmg instincts ol 
adolescents by asking Falmouth High School stu- 
dents to pinpoint such trees. This source of local 
lore produced a list of apple, pear, and peach trees 
that we stalled to check out 11, ...ore detail. The 
1977 research, which also included a survey of all 
the local history books in the Falmouth Public Li- 
brary, revealed that the earliest settlers brought 
slock and seeds of fruit trees with thcin and es- 
tablished orchards 'hat supplied them with plen- 
tiful fruit. 

Once Earlc had Hacked down high-hearing trees, 
he encountered owners thai were usually apok) 
getic that thcii trees had been neglected. Everyone 
was very generous in allowing us to cut off young 
branches for scions in February 1978. After told stor- 
age, these either weie used for whip or wedge 
grafts in Apiil.or builded injuiie In 1977 F.arlehad 
planted the roolstock apple trees onto which these 
grafts were later made, using seeds from a com- 
mercial nursery The seeds originated from wild 
trees in upstate New York. We have kept growth 
records of the roolstock trees, photogiaphcd them 
each year. They now stand about three feel tall 
During the suuunei of 1 979 we successfully gi afted 
scions from sivci.il do/en grafts ol local trees onto 
the roolstock. At that lime we planted fout antique 
trees and they were tcady to have scions taken 
from them by the following spring We shall check 
the local trees at harvest to try 10 identify varieties 



or at least to suggest possible parentage lui them 
As peach ttccs are better propagated b) late spi ing 
budding, we shall gralt local lice buds onto New 
Alchemy trees and onto some planted 11. .1 neigh- 

boi ing yard as well. * 

We were given nun h help and™ loi 1n.1l1.n1 by 

Howard Crowell, ol Crow Farm, Sandwich, Mas- 
sachusetts, who runs a fine- commercial orchard 
He retains some antique apple varieties along with 
many newer ones, numbering nineteen in ..II. He 
finds thai although the russet apple does not bear 
as heavily as newer varieties, devotees ol tins liuii 
will 1. .int lo buy rUSSetS and usually go oil with 
other fruits and vegetables loo. This old variet) 
also shows a high natural resistance 10 diseases We 
returned from Crow Farm with many scions, . hieHy 
the antique and more naturally resistant varieties 
We arc seeking out other resource people on 

die Cape knowledgeable ol hull »i.h.ildi\ I In n 

hard-camed experience could help point up 10 us 
early mistakes and lead us in tin 11 10 new 
investigations 



Recycling Leal Nutrients 
Ed CoodiU 



Foi .. good many yeais now we ha VI I1c.11 asking 
area residents to bring us theii L.nki 1,. tin- lull 
People seem to like 10 do this, anil oui soil thereby 
receives a sizeable amount of nutrients 

The soil-conditioning properties ol leaves are 
especial!) appreciated on om pom, sandy soils. 
Because of ils capacity to absorb water and ex- 
change nutrients, adequate humus is essential for 
a healthy soil. 1 he humus foi incd from leal decay 
has a long life because leaves contain relatively 
high proportions of liguin and heiuicellulose, the 
most lasting constituents of humus 

At New Alchemy we have realized the value ol 
leaves for quite a while. An early demonstration 
of the benefits they confer was provided when a 
young Chinese chestnut tree was planted on the 
site where a leal pile had been the preceding year. 
Of 20 Chinese chestnuts planted at the same lime, 

11 rapidly outgrew the others* 

We have used leaves regularly in moderate 
amounts for winter mulches, foi trench compost- 
ing between intensive garden beds, and loi mulch- 
ing trees. The leaf mold— the d.nk, crumbly hu- 
mus formed by gradual fungal de. ay and 
weathering — from underneath the piles is in high 
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demand foi polling soil We have lunml leaves 
undei i In soil in the hill lo decompose over (lie 
tvintei We have also iried transforming sod into 
a growing medium by mulching it thickly. This was 
useful foi growing potatoes and wintei squashes 
We are planning to use a large bin of leaves in the 
lii si stage ul giaywaler treatment. Bags of leaves 
can he convenient and effective insulators around 
foundations, beehives and tender young plants. 

The amount of leaves at oui disposal has in- 
creased dramatically since the fall of 1978, when 
we pnl up 1 sign al die I almnuih dump directing 

potential leal donon to the farm. 1 he leal pile has 
advanced 11 1 yards from the original storage area. 

We remove leaves from the end opposite that to 
whii h they ate added. As a result, (he pile creeps 
slowl) across the landscape, leaving a swaih of 
nif >l\ mulched) worm-worked soil You may have 
heard of chicken tractors. 1 Apparently we have 
created a leaf tractor. Steering is easily accom- 
plished with movable signs thai indicate where die 
leaves should be deposited. 

Muting (he winter of 1979-1980 we estimate 
that we were given 750 cubic yards (571-, cubic 
meters) of leaves weighing over 15 tons (13.fi met- 
ric tons) This amount of mixed leaves contains 
2311 lb, 01 105 kilograms (kg), of nitrogen, 80 lb 
(jjfi kg) nl phosphorus, and 130 lb (59 kg) of po- 
tash ' In terms of N-P-'K (nitiogen-phosphorus- 
potassium), this is roughly equivalent to 1,000 lb 
( 1 r >"> I-k) "I 20-10-10 fertilizer. 01 enough to apply 

'Rklur.1 Mcllill, c.l fl„rfi«i/ Apituhmr N.Y.I Hnipei It ROW, 

'Bulletin No pi. Clemton A gttculiurtl College, Gkmton UnWtnftj. 
S 1 Carolina 






more than 100 lb/acre (112 kg/hectare) annually 
to (he entire farm. In addition (o (he other nu- 
trients the leaves contain significant amounts of 
calcium, magnesium, and trace minerals. 

Unlike the soluble nutrients in chemical fertil- 
ize! s. those contained in leaves are released grad- 
ually as the leaves decay. Leaf decay can be (hough! 
of in terms of the half life of the leaves — the lime 
it lakes half of the material to decay. The half life 
of a leaf on ihe forest floor is 12-18 months. The 
decay process can be hastened by turning ihe 
leaves into the soil, shredding (hem, 01 piling ibem 

together. 

fliu current contributions of leaves far exceeds 
New Alchcmy's capacity lo use ihein. This enables 
us lo accumulate large amounts of leaves for the 
two or (luce years required foi ihein to decompose 
fully into leaf mold. A delight for worms and gar- 
deners alike, leaf mold holds three 10 five times 
its weight in water, has no weed seeds, has a pi I 
of 5 .5-5.0, and is very enduring in ihe soil. We use il 
for polling soil, to top-dress individual plants, and, 
when available, for broad-scale, mulching. Since 
New Alchemy has prospects, oT a generous supply 
of leaf mold, it will probably become oiir all-pur- 
pose soil amendment. 

Ultimately, we would prefer that the leaves re- 
turn to the soil from which they grew, 10 enrich 
(hat soil directly. We. would like lo sec our leaf 
donors use (heir own leaves, and some oT our 
educational efforts concern ways to encourage this. 
In the meantime, the productive capacity of our 
soil will continue lo grow as we enrich it wilh a 
fertile mantle of leaf mold. 
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Birds and Biological Pest 
Control 

Loie Urquhart 



The Flying Insect Patrol 

Theie aie a mimhei nl burls who Im! while 
Right. 



In observing the natural world, it is quite evidenl 
that birds help to regulate the numbers of insects 
and rodents. But since the advent of pesticides, 
comparatively little attention has been paid to en- 
couraging birds as predators in the forest, orchard, 
field, and garden. 

Birds can eal thousands of insects, in a single 
day. especially in the spring, the season or highest 
consumption, when the birds are feeding theii 
young. Owls and hawks plcj upon mice, rabbits, 
and other small mammals thai can damage frilll 
trees. In the winter, noninigralory insect e.ueis 
such as woodpeckers, chickadees, and nuthatches 
search ihe bark of trees for hibernating iniei U 

By providing nesting sites, walcr. and winter 

shcltei . we could encourage and fostei populations 
of beneficial birds (hat would regulate insert and 
mammal pests. 

Feeding Habits of Birds 

Surveys of the feeding halms of birds conclude 
that the terms insectivorous and vegetiwuous in- 
dicate predominance in a given diet, rather than 
restriction to one type of food. For instance, the 

most exclusive vegetarians — the finches, giouscs. 
and pigeons — sometimes eal insecls, while the IW»Sl 
avid insect eaters— the swallows and flycatchers, 
will eat berries. 

From the viewpoint of the hirmei or on haul 
grower, insecls can be classed as beneficial (which 
includes parasitic and piedaceous varieties) inju- 
rious, and neutral. Birds do eal beneficial insecls, 
but only, il seems, in (he extent thai keeps their 
numbers in proportion and maintains an equilib- 
rium in ihe natural continuing flux. 

Injurious insecls ate found in (he air. on and 
within leaves, on and under (he bark of ireei (bor- 
ing or hibernating insects), and on the ground 
There are insects, such as the Mexican bean beetle, 
ihe monarch butterfly, and some insecls of the 
suborder Hctciopiera, that are protected 1mm 
being eaten by birds by either a hard casing, a 
disagreeable odor and laste, or a camouflaging 
ability to meld into their surroundings. Birds thai 
prey on insects can be grouped loosely, as the 
flying insect patrol, the foliage cleaners, the bark 
gleaners, and the ground eaters. 



Dayttmr I'aliol 

Swifts 

Swallows 

Martins 

Kingbirds 

I'hoebes 

Flycatchers 

Vircos 

Redstarts 

Peeweei 

Mockinglinds 

Catbirds 

Hawks 



Nigkllimt PnKnl 

Kighihawks- 
Whipponrwllls 



Foliage Cleaners 



Titty hat 

Mollis — gypsy moth] 
(Cabbage win in mollis 
Codling mollis 
Cawfccrw w m mollis 
Leaf-roller mollis 
Locusts (shnrl -homed 

grasshoppers) 
Long-legged crane flies 
Leaflioppers 
Aphids 

Long-horned grasshoppers 
Hessian flies (wheal enemy) 
Horseflies 
Rose chafers 
Winged Mils 
Butterflies 
Beetles 



Thry Eal 

Sight-flying 
(tVwftmfar) 
Mollis — Hilton boll w 
Army worm] 

(lit Will HIS 

Mosquitoes 
l.ea(rioppei5 



Kiel ii 



Foliage cleaners concentrate on picking destructive 

insecls off ihe leaves and branches ol plants. 



The] A,t 
Warblers 
Nuthatches 

Chickadees 

Kinglcis 

Robini 

Catbirds 

Thrushes 

Ridieri grouse 

Baltimore orioles 

Blackbirds 

Crows 

(many Others) 



7Vr Eal 

Leafhoppers tlassiitae) 
Plain lice Ul aphids [Aphidinl 
including common "gieen, 

fly" 

l.eaf-rollris (e g , codling 

mollis) 
Leaf-minen (e.g., apple leaPa 

miners) 
Cankcrwornis 
Cutworms 
Cotton boll worms 
Army worms 
Hairy caterpillars 
Tent caterpillars of apple atidj 

wild cheny (ices 
Fall webworms - 
TttSSOCk catei pillars 

Gypsy moth larvae 

Leaf beetles— Coloi ado |*gj? 

lato beetles 
Flea beetles 
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ducks, and turkeys. Hedgerows planted in an cast- 
west (mentation tan create local microenviron- 
icIHS with raised tcmperalurei on the southern 
exposure Such microeimronmentt allow the sur- 

■vival of plants and animals that might otherwise 
be absent from the landscape. Pruning! from ni- 
trogen -fixing hcdgciows can be used as mulches 
['around fruit and nut trees in order to supply some 



of ili. ii nutrient needs. 



Although our work at New Alchemy is mainly 
with hedgerows, anothei kind of boundary is tra- 
Oitional here. In the years when our part of Cape 
Cod wat extensively farmed, local stone was used 
lor the construction of dry stone walls. Many of 
these walls still remain in areas ol the Cape that 
Have become foiesled. Their construction is ad- 
Miiiitcdl) labor intensive, but they have the advaiu 
Ugcs ol being relatively permanent, made from 
a local resource, and laigcly maintenance free. 

Although these walls are obviously limited in theil 
ecological functions, they offer a viable altci native 
i" hedgerows and introduce a pleasant diversity 
Mo the landscape. 
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Nitrogen-Fixing Trees and 
Shrubs 

John Qui nitty 

NiiM.gcn is the most abundant element in the 

eai ill's atmosphere and is essential for plant growth 

^reproduction. However, alinospheiic nitrogen 

ji;^|^. utilized directly by phmts only after it has 

:;'been* t romci((ci to either its innate or us anuno- 

nii'mi foi mi I Ins p'""-^ is known as lisalion and 

Cairi'lVfailueved eithei . heinii ally 01 biologii all) 

■^•^Wemi.al lixatiuu-involves ih c icaction ol at- 

V.l.ci'u mitogen with hydrogen from natuial 
gas->;at clevatcd leinpei attires and pressures 111 the 
re .of a catalyst— the Uabcr process Ihc 
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biological fixation ol nitrogen Is carried out by 
a nuinbei of free living organisms and also, most 

importantly, by virtue of two symbiotic associations 
between plants and bacteria— the rhizobium- 
legume association and the actinomycetc- 
nonlcguiuiiious-aiigiospeini association (Table I). 

Chemical fixation is an energy-intensive process; 
it depends on diminishing supplies of fossil fuels 
The chemical production of 150 kilograms (kg) of 
nitrogenous fertilizer (a typical per hectare appli- 
cation) requires 1.53 million kilocalories (kcal) F01 
comparison, biological hxation of the same amount 
of nitrogen by the legume winlci vetch [Vicia vil- 
lain) involves a seeding cost of only 90,000 kcal. 1 

Many fanners meet the nitrogen requirements 
Of their land by planting legumes as green luainiic 
crops or as a part ol crop 1 citations Used in these 
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fabta 1 MAJOR PRESENT-OAV NltnoGEN FIXING PLANtS • 

I fiee-l rVmo Oigtnivni 

■I Hataratroptvc badWtl eg ArabaCW, Ooslndbm. Sp'"»um. 

Rn/rnnrkia KMMMAl 
ill Autmroptvc Dieted* e g . fll>rv7o,-iser«(<Y>,<v>as flftrelmpmili/m. 

TNobtc&UB 
c) BHte'Oreen algae r Q Anaivirna Catothri* , Nostoc. PIbcIo- 

nemn. etc 

Ma Fcranfl ^ymbfosffs 
a) Bhi7niiium legume. MSOCtalront, eg- Glycine man (soybean). 

Phaspolus win*"*, Vic/a tabu (velch). Tnlnlium repens (clover), 

eic 
M Aclinoinyf.rtA ni-tfleguminous arigtosoe'm associations, e.g , 

A/n«s gMmosa (alder), Rohinn psenrJoacacia (black locosl). 

Hip/iopliae ihamoordes (sea hcicWho-n), elc 
r) Cyead htue gf'valgao associations eg. Boweraa. Cycas, 

fnreph«larios. elc 



■Source w P Stewart. 1977 Ambro 6 166 

ways alfalfa I Uedicago •■fu<i) and soybeans (Glycine 
max) can supply up to 450 and 100 kg nitrogen 
I •« • 1 lied. in- |"i year (N/lia/yr) respectively, How- 
t»vet . n"i .ill legumes are capable ol fixing nitrogen; 
Imi example, tlic legume Eastern redbud (Cents 
canadensis) does nol form tool nodules and thus 
rji ■ noi h\ nitrogen 

I In nnnleguminous niirogcn fixing plants, which 
are ill trees and tvootb shrubs, have recently been 
recognized as an important source of fixed nitro- 
gen I'M example, alders (Almu sp.) can fix up to 
V" kg N/ha/yi and the sea buckthorn (Hippophae 
rhomnoiiirt) up to 1R0 ki; N/ha/yr, In temperate- 
region lorcstrd bionici niti nitrogen-fixing trees 
and shrub' are usual!; , ■• species modifyinp 
the soil environment and establishing favorable 
condition* km succeeding (rccs. For example, in 
the Panlir Northwest the ted alder (Almu nibra) 
w succeeded l >> Douglas fir (Psrurfntsvga meniirsH): 
on Cape Cud. bayberry (M)inti ptnsjlvaniea), sweet 
fern {Comptonia peregrins), and black locust (Rnhma 
pseudoaeaciti) are followed by pitch pine (Amu rig- 
ida), and various oaks {Qiunus sp.). 

I lie nitrogen-fixing ttees and shrubs make ni- 
11, He available in ruber species mainly ihiough leaf 
rail: the nitrate enters the soil when the leaves arc 
decomposed by soil microorganisms. Only when 
the bat terial root nodules arc sloughed off or the 
host plant dies can nitrogen be made available 
more directly As a forest matures and the nutrient 
cycles lighten because the forest has become in- 
creasingly efficient at processing organic matter, 
nil 1 ogen usage is ini reasingly consei vative, and the 
need fin nitrogen fixation is correspondingly re- 
duced In these ecosystems the small nitrogen re- 
quirements needed fin plant structural tissue and 
to replace losses by leaching are met mainly through 
fixation by various free-living organisms (see Table 
I) 

In the agricultural forestry work at New Al- 
1 1 " • 1 1 1 -. nitrogen fixing trees and shrubs ate im- 
poiinni components of the overall ecology. 



At New Alchemy the following nitrogen -fixing 
liees and shrubs are being studied: 

Legumes black locust, Scotch broom (Cytisus sto 

parius). Siberian pea sluiili (Caragana 
arhorritrn.1), Alhiiua julilmssin, and 
honey locust (GlediL'ia Itiaranlhm) (nf- 
trogen-fixing ability not firml) 
established). 

Nonlrgiimes: bayberry, sweet fern, autumn olive 
(Elneagnus umbfllnta). Russian olive 
(Elaragnns angrtstifatta), Ctanolhus sp., 
alders (Alnus rugosn, A. glulmoui), and 
sea burklhorn. 

A collection has been established that now con- 
sists or plantings of honey locust, Albiiua, black 
I <» ust, Scotch broom, autumn olive, and bayberrv. 
Adrlitional species will be added over the years. 
This area will be used for education as well as for 
testing the growth or these trees and shrubs in the 
Cape Cod environment and providing propagation 
materials. 

The honey locust and the alders ate useful rod- 
der trees. In New Zealand, cattle have been red 
on honey locust pods, they fall from the liees over 
the three to four months or winter when Olhei 
fiidder is in short supply. Foliage from alders has 
been processed into silage and used to feed cattle, 
•nd at Hampshire College in western Massachu- 
setts A. ntgout is being evaluated as a sheep Iced 
In due couise these species will be tested at New 
Alchemy as livestock feeds, especially fin geese and 

poultry. 

We have begun various intcrplaniing experi- 
ments in the |H>lycultural forest area south or the 
Ark Literature report! have documented the ben- 
eficial effects or black locust, alders, and autumn 
olive on the growth of interplanted lumber trees, 
apples, and black walnuts respectively. A stand of 
young black lor ust trees occurs naturally in a sec- 
tion of this area, and we shall manage these trees 
with some attendant controls on their propagation 
through vegetative spreading. 

We have established experimental hedges of au- 
tumn olive and are propagating the tree by root 
and stem cuttings. The roots of these plants are 
well nodulated. We are planning hedgerow plant- 
ings of Siberian pea shrub, Russian olive, and A. 

ghltillOM. : * 

There is a named variety of the black locust (var. 
"itciissima") that produces straight, durable lum- 
ber. Root cuttings of this variety, which is also 
known as the "ship-mast locust." are being sought. 
We hope to acquire and test additional species of 
nitrogen-fixing shrubs such as Ceanolhiu sp. and 
sea buckthoi 11 



We expect that careful integration of a variet) 
of nitrogen-fixing species in our agricultural fin 
ests will make a substantial contribution lo the pro- 
ductivity or the forests in a way that is both en- 
ergetically conservative and environmentally gentle. 
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Hedgerows and Living 

Fences 

John Quinney 



In any agricultural landscape the most obvious 
function of fences and hedgerows is to control the 
movement of animals — domestic and wild — so they 
will Ire excluded from food crops or selectively 
rotated through pastures. The advantage of hedge 
rows over fences is that they are multifunctional 
components of the landscape and as such can Ire 
integrated with the overall design strategy. 

Pet haps one of the best-known examples occtus 
in the traditional English landscape. The English 
hawthorn (Crataegus sp.) was often originally planted 
to teplace wooden posl-and-rail fences, which are 
subject to inevitable decay. As well as providing an 
impenetrable battier to the movement of sheep 
and cattle, such hedges have other important eco- 
logical functions. They provide a habitat for a wide 
variety or beneficial insects and birds, They facil- 
itate the establishment or numerous volunteer 
betbs and "weeds." Cattle, sheep, and horses glaz- 
ing on pastures thus enclosed have often been ob- 
served browsing these plants as well, presumably 



supplementing their diet with nutrients not avail- 

1I1I- in ilu ir-lntivelv simple pasture ccos\ stem In 
windy areas of the country, especially Flast Angli.i. 
the hedgerows redtn cd soil erosion, a function that 
has only become apparent since their removal fin 
the sake ol "efficient" large-scale agiiculture. ; 

At The New Alchemy Institute an experimental 
hedge of autumn olive (F.lnengntu timbellnln) has^ 
been established and pruned to encourage dense ■ 
bottom gtowth. An immediate goal of these plant* 
ings is to control the movement of domestic geese.3 
restricting their access to the gardens and tree'j 
nursery. 

We have also planted living fence posts of 
lows (Saltx sp.). Eventually, primings from the LOjH 
of each fence post will be woven between thcinfl 
providing an elective barrier. Ultimately, annt 
pinning will yield firewood, 

These and other successive hedge plantings v 
be designed in order to create ecological landsiapSj 
elements with diverse functions. They will l» . ">.i 
cfrect. ecological islands in which a variety or planuj 
and animals may grow undisturbed by cultivations 
They will be windbreaks and a source of food '"!« 
a variety of birds and animals. Fot example, tM| 
Russian olive (F.lnragmu nnguslifplin), an import. - "' 1 .] 
Midwest hedgerow species, is known to be usedj 
for rood by at least forty birds, including chickens! 



